Abstract Given two positive integers n and k and a parameter t ∈ (0, 1), we choose at random a vector subspace V n ⊂ C k ⊗ C n of dimension N ∼ tnk. We show that the set of k-tuples of singular values of all unit vectors in V n fills asymptotically (as n tends to infinity) a deterministic convex set K k,t that we describe using a new norm in R k .
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Introduction
In [15] , it was observed that if one takes at random a vector subspace V n of C k ⊗ C n of relative dimension t for large n and fixed k, with very high probability, some sequences of numbers in R k + never occur as singular values of elements in V n as n becomes large. This result was used to provide a systematic understanding of some non-additivity theorems for entropies in Quantum Information Theory. We refer to the bibliography of [15] for more information on this topic.
Our aim in this paper is to provide a definitive answer to the question of which sequences of numbers in R k + occur or not as singular values of elements in V n . Our main result can be sketched as follows-for the statement with complete definitions, we refer to Theorem 5.2: Theorem 1.1 Let t ∈ (0, 1) be a parameter and for any n, V n a vector subspace of C k ⊗ C n of dimension N ∼ tnk chosen at random. Then, there exists a compact set K k,t ⊂ R k + such that any k-tuple λ in the interior of K k,t occurs with high probability as the singular value vector of some norm one vector x ∈ V n . Moreover, the probability that some vector ν / ∈ K k,t occurs as the singular value vector of some element y ∈ V n is vanishing when n → ∞.
The statement of the above theorem, as well as any other result in this paper about singular values of vectors in a tensor product space, can be immediately translated into a statement about singular values of matrices, simply by fixing an isomorphism C k ⊗ C n M k×n (C); note that the Euclidean norm on C k ⊗ C n is pushed into the Schatten 2-norm on M k×n (C), i.e. X = √ Tr(XX * ). Theorem 1.2 Let t ∈ (0, 1) be a parameter and for any n, V n a vector subspace of M k×n (C) of dimension N ∼ tnk chosen at random. Then, there exists a compact set K k,t ⊂ R k + such that any k-tuple λ in the interior of K k,t occurs with high probability as the singular value vector of a matrix x ∈ V n of Hilbert-Schmidt norm one. Moreover, the probability that some vector ν / ∈ K k,t occurs as the singular value vector of some Hilbert-Schmidt norm one matrix y ∈ V n is vanishing when n → ∞.
Even though both formulations are completely equivalent, they are of interest to different areas of mathematics. We choose to work with singular values (or Schmidt coefficients as they are called in quantum information) of vectors because of the initial quantum information theoretical motivation.
